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GLBRC Partners Advancing the Cellulosic Biofuels Mission

Academic
UW-Madison
Michigan State University
lllinois State University
lowa State University » scientific underpinnings of tomorrow’s biofuels

DOE National Labs
Pacific Northwest NL \«ﬁ g
Oak Ridge NL o

Industry
; Lucigen/C5-6 Technologies
DOE Office of Science
Joint Genome Institute

» genome-enabled analysis of model systems &
bioenergy organisms/ecosystems
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BACTER Program
Advanced Scientific Computing
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Great Lakes Bioenergy Research Center

Biomass conversion into energy products: improve methods for
converting plant biomass into materials that can replace fossil fuels.

OMicrobial catalysts optimized for fuel synthesis
 production of lignocellulolytic enzymes
o efficient use of 5- & 6-carbon sugar monomers & oligomers
» ethanol and alternative fuel synthesis (biodiesel & alkanes)
* stress, fuel & lignotoxin tolerance

Photosynthetic microbes optimized for
O * H, production
» CO, sequestration into fuels

Chemical catalysts optimized for
0 e dehydration of sugars to furfurals and derivatives
» hydrogenation of furfurals and derivatives to high-energy fuels

www.glbrc.org
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Improved Microbial Fuel Production

Blomass : > C5C8 Phase 1: Aerobic growth,
e Dimers secrete degradative enzymes

Sugar stream

Phase 2: Anaerobic growth
(fermentation), activate
enzymes & transporters to
produce fuels/building blocks

Chemical

Building

Blocks
Optimize sugar stream refining
» transport sugar mixtures

Biofuel » produce fuels & building blocks
(EtOH) » resist cellulosic & fuel toxins

www.glbrc.org
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REDIME: REiterative Directed Microbial Evolution

combines synthetic biology, computational & natural strain optimization

ginee [ 5 Lp atio

Rational engineering Microbial Microbial directed evolution
Metabolic engineering, Expression  [candidates| conyentional selections (e.g., toxin
engineering, Genome optimization, (many) resistance), experimental evolution
Comparative genomics,

Protein engineering H_igh-thmughpm phenotype screening
Stochastic strain variation Biofuel (e.g., ethanol) production,
Targeted or Global mutagenesis Lignocellulase production, Fuel and
Metagenomics, Network rewiring Lignotoxin tolerance
Microbial
T?i_'gets (h-uttlengcks]_ iden- candidates
tified for reengineering (few)
Computational Modeling perimental Fermentatia
Data-driven comprehensive models Variation of conditions
of the microbal state Biomass source, pH, Temperature,
] Solutes, Small molecule effectors
Gene expression networks Multiomic - i
Metabolic flux models lLilata Organism-scale analyses (multiomics)
Membrane transport models Expression Profiling, Transcriptomics,
Protein interaction models ChIP-chip, Proteomics, Lipidomics,

Metabolomics, Fluxomics

www.glbrc.org
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Optknock Modeling of Ethanologenesis
Includes 904 E. coli metabolic genes (~20%), 931 reactions & 625
metabolites (updated from Reed et al. Genome Biology. 2003)

» Based on Ingram et al. strains, predict growth rates & fuel yields in
combinations of single, double (6 x 10%) & triple (7 x 107) knockouts

— 32
R 7 ] k R S S, e ~
e IR
2 ri“z" ﬁ“ﬁ [ S }7 £ e .
T s A TR - =
. bi -
I N E_;E“"f“f 2 Sy
§ N L LE P e s XA
o - L3 f{ E tgln + i : :
%ﬁii_.;..,': 'tl\l):; &Ii':f : '“"\;.ll.’ili.//fl N._. L' — i -
o — . row - s
b LY TR i ey Y
H.» E E L i , W,flz:::c ﬁq‘- PO T -
e ! N N
~ 500 “winners” being evaluated in Ehe lab Bt Tl :
B www.glbrc.org :




" 4

_—

| D D o
| ‘ \ g <|'/ (
O | 4

“’j_ U.S. DEPARTMENT OF

'ENERGY

\_ C O

~ ‘ \k_

Great Lakes Bioenergy Research Center

Biomass conversion into energy products: improve methods for
converting plant biomass into materials that can replace fossil fuels.

O Microbial catalysts optimized for fuel synthesis
* production of lignocellulolytic enzymes
o efficient use of 5- & 6-carbon sugar monomers & oligomers
 ethanol and alternative liquid fuels (biodiesel & alkanes)
* stress, fuel & lignotoxin tolerance

Photosynthetic microbes optimized for
O < H, production

« CO, sequestration into fuels

Chemical catalysts optimized for
0 e« dehydration of sugars to furfurals and derivatives
 hydrogenation of furfurals and derivatives to high-energy fuels

www.glbrc.org
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Solar- & biomass-powered fuel production

Hierarchical clustering of gene
expression as H, accumulates

www.glbrc.org
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Biomass conversion into energy products: improve methods for
converting plant biomass into materials that can replace fossil fuels.

o Microbial catalysts optimized for fuel synthesis
* production of lignocellulolytic enzymes
o efficient use of 5- & 6-carbon sugar monomers & oligomers
» ethanol and alternative liquid fuels (biodiesel & alkanes)
* stress, fuel & lignotoxin tolerance

Photosynthetic Microbes optimized for
O < H, production
» CO, sequestration into fuels

Chemical catalysts optimized for
0 e« dehydration of sugars to furfurals and derivatives
» hydrogenation of furfurals and derivatives to high-energy fuels

www.glbrc.org
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Conversion of lignocellulose to liquid fuel precursors, HMF & DMF
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Weak ion pairing of Cl-in dimethylacetamide allows
cellulose dissolution and Cl-mediated dehydration.

cellulose glucose fructose

untreated
corn stover

10 mol% CrCl,, 10 mol% HCI, DMA-LICITEMIM]CI, 140°C, 1 h

\ 3H,0
i HO ! OH
! i D II': J'r
| i %H >| GIH
3 e

o

I O
- - - HO l'l. II.I DH,EIC.

chemicals

I

S-hydroxymethylfurfural

25 mol% CrCl,, 6 mol% HCI, DMA-LICV[EMIM]CI, 140°C, 2 h

q 40%

& mol% CrCl,, DMA-NaBr, 100°C, 5 h

.|54“a"u

6 mol% H.S0,, DMA-KI
100°C, 5h

)| 81%

1) 10 mol% CrGi 10 mol% HCI, DMA-LICIEMIM]CI, 140°C, 1 h
2) H,(g), Cu-Rulcarbon, 220°C, 10 h

.I 92%

O
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2,5-dimethylfuran

Binder, J. B & R. T. Raines 2009 JACS 131:1979-1985
www.glbrc.org
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Growth of bioenergy microbes on processed corn stalks

corm stover
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Improved Bioenergy Sustainability

Develop economically viable & environmentally
responsive ecological, agricultural & life cycle

High Input, Low

LUYErSTES practices (WI & MI Agricultural Stations)
(annuals)
Continuous Corn Low Input, High
Corn-Soybean-Canola Monoculture

Diversity
(perennials)

Native prairie
ErI successional

Switchgrass/
~Legumes

Poplars

Improve carbon neutrallty & greenhouse gas mitigation across the
entire biofuel life cycle at multiple scales
» Improve ecosystem services in biofuel landscapes (e.g. water, soil &

air quality, biodiversity, pest suppression, land use)
www.glbrc.org
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Sustainability Research Goals
» Predict elements of integrated biofuel production systems that can be

optimized to improve environmental & economic sustainability

Production System Integrated Application Qutcome
Goals Responses Assessment PP
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External Drivers
Climate change, Global Economy

www.glbrc.org

Inform cellulosic
biofuels business
& policy decisions
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